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Outline of Topics to Discuss

Introduction and importance of concordance
testing

* Overlapping markers with different primer
configurations

NIST role in concordance testing
— SRM 2391b/2391c concordance with new kits
— Standard sample set, DNA sequencing

Commercial STR multiplex kits examined
— Applied Biosystems, Promega, and Qiagen

Concordance results with various STR
multiplex Kits

— Primer binding site mutations and null alleles
Summary and conclusions



Why are concordance
studies important?



Importance of Concordance Testing

« There are a variety of commercial STR multiplex
kits with different configurations of STR markers

— Different primer sequences are used to amplify the
same markers

— Discordant results can impact DNA databases
« Detection of primer binding site mutations that
cause null alleles, or allele drop-out

— Can only be determined with concordance testing and
DNA sequencing

« Concordance with NIST reference materials
— Important to test with all new STR typing kits

Hill, C.R., Kline, M.C., Duewer, D.L., Butler, J.M. (2010) Strategies for concordance testing.
Profiles in DNA (Promega), 13(1).



http://www.promega.com/profiles/1301/1301_08.html
http://www.promega.com/profiles/1301/1301_08.html

Purpose of Concordance Studies

When different primer sets are utilized, there is a
concern that allele dropout may occur due to primer

binding site mutations that impact one set of primers but
not another

% represents potential mutations impacting primer annealing

PCR primer PCR primer Use_of non-oyerlapplng primers
set 1 set 2 permits detection of allele dropout
#
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STR repeat region ; D o
PCR primer
PCR primer set 2
setl
If no primer binding site mutations If a primer binding site mutation exists
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Example Primer Binding Site Mutation
that Causes a Null Allele

Identifiler = 14,14 PP ESX 17 =13,14 PP ESI17=13,14
Dropout ofJL M
allele 13
PHR =11.9% PHR = 92.8% PHR =98.7%
G2>A
- SNP
D195433 repeat region ‘

gg aaaglaag gtaggaaggaaggaaggaagtaagtaaggaaggaaggaaggaaggaaggaagdagagaggaag a:ﬁg agagaag atttttattcgggtjat
X

This region could potentially
represent where the reverse
primer is located to include the

primer binding site mutation
*Applied Biosystems does not publish
their primer sequences



To Avoid Overlapping PCR Product Size Ranges
with STR Loci in the Same Dye Channel

* Applied Biosystems (Strategy 1)
— Maintains primer sequences (except MiniFiler & NGM Kits)

— Utilizes mobility modifiers or additional dyes, no primer redesign
IS necessary

— Enables comparison to legacy data with earlier kits but null
alleles may go undetected with the potential for incorrect
genotypes within data sets

 Promega Corporation (Strategy 2)
— Moves primer sequences to change PCR product size ranges

— Primer redesign can be difficult, but can be moved from primer-
binding-site mutations

— Requires concordance studies to check for potential allele
dropout



Why Is NIST involved In
concordance studies?



Purpose of Concordance Studies

1. Totest SRM 2391b/2391c (PCR-based
DNA Profiling Standard) components
with all new STR multiplex kits and verify
results against certified reference values

2. To gain a better understanding of primer
binding site mutations that cause null
alleles



What are the NIST
strategies for
concordance testing?



STR Kit Concordance Testing
Profiles in DNA Article Published April 2010

Article Tyvpe: Feature
Volume 13 No. 1, April 2010

Strategies for Concordance Testing

Carolym R. Hill, Margaret C. Kline, David L. Duewer and John M. Butler

National Institute of Standards and Technology, Biochemical Science Division, Gaithersburg,
Marvland, USA

Concordance evaluations are important to conduct to deftermine if there are any allelic dropout
or "null alleles” present in a data set. These studies are performed because there are a variety of
commercial short tandem repeat (STR) multiplex kits with different configurations of STR
markers available to the forensic community. The placement of the markers can vary between
kits because the primer sequences were designed to amplify different polymerase chain reaction
(PCR) product sizes. When multiple primer sets are used, there is concern that allele dropout

may occur due to primer-binding-site mutations that affect one set of primers but not another.

http://www.promega.com/profiles/1301/1301_08.html



The 4 “S’s” of Concordance

NIST Standard Samples
— Run same samples with multiple kits to compare results

Concordance Software

— Allows comparison of data sets using NIST developed
software

http://www.cstl.nist.gov/biotech/strbase/software.htm

DNA Sequencing

— To validate and determine the exact cause for the null
allele

STRBase website

— To report verified null alleles and discordant results to
the forensic community

http://www.cstl.nist.gov/biotech/strbase/NullAlleles.htm



NIST Concordance Testing Steps

Kit 1 Kit 2
I |
Pp-ESx17 | Sample Set Sample Set | MiniFiler
IS an l l IS an
example example
Comparisons with
software
I
Discordant Results
Sequence differences
Vendor changes final ‘ Vendor decides not to
Kit to correct for primer change the final

Report to STRBase

binding site mutation configuration of the kit



What concordance
studies have been
completed thus far?



Applied Biosystems AmpF{STR Kits

* |dentifiler

 MiniFiler

* Profiler Plus

« SGM Plus

« NGM

 NGM SElect (studies are ongoing)

Hill, C.R., Kline, M.C., Mulero, J.J., Lagace, R.E., Chang, C.-W., Hennessy, L.K., Butler, J.M.
(2007) Concordance study between the AmpFISTR MiniFiler PCR Amplification Kit and
conventional STR typing kits. J. Forensic Sci. 52(4): 870-873.



http://www.cstl.nist.gov/biotech/strbase/pub_pres/MiniFilerConcordance_JFS_July2007.pdf
http://www.cstl.nist.gov/biotech/strbase/pub_pres/MiniFilerConcordance_JFS_July2007.pdf
http://www.cstl.nist.gov/biotech/strbase/pub_pres/MiniFilerConcordance_JFS_July2007.pdf
http://www.cstl.nist.gov/biotech/strbase/pub_pres/MiniFilerConcordance_JFS_July2007.pdf

Promega PowerPlex Systems

PowerPlex 16

PowerPlex ESX 17

PowerPlex ESI 17

PowerPlex 18D (rapid and direct Kit)

Contents lists available at ScienceDirect FSI

GIMLTICS

Forensic Science International: Genetics

journal homepage: www.elsevier.com/locate/fsig

Concordance and population studies along with stutter and peak height ratio
analysis for the PowerPlex™ ESX 17 and ESI 17 Systems

Carolyn R. Hill**, David L. Duewer?, Margaret C. Kline?, Cynthia |. Sprecher”, Robert S. McLaren®,
Dawn R. Rabbach®, Benjamin E. Krenke®, Martin G. Ensenberger®, Patricia M. Fulmer®,
Douglas R. Storts®, John M. Butler?

* National Institute of Standards and Technaology, Chemical Science and Technology Laboratary, Gaithershurg, MD 20899-8312, 1iSA
®Promega (orparadon, Madison, W1 53711-5398, USA



Qiagen Investigator HID Kits

ESSplex
|IDplex
Hexaplex ESS
ESSplex SE



What samples are used
at NIST to perform
concordance testing?



NIST Sample Set (>1450 Samples)

 NIST U.S. population samples
— 254 African American, 261 Caucasian, 139 Hispanic, 3 Asian

« U.S. father/son paired samples
— 178 African American, 198 Caucasian, 190 Hispanic, 198 Asian

* NIST SRM 2391b, PCR-based DNA Profiling Standard
(highly characterized)
— 10 genomic DNA samples, 2 cell line samples
— Includes 9947A and 9948

* NIST SRM 2391c, PCR-based DNA Profiling Standard

— 4 genomic DNA (one mixture)
— 2 cell lines (903 and FTA paper)



What are the results from the
completed concordance
studies?



D18S51 Concordance Checklng

1 ! 1 T 1 ! ! 1 1 |
100 bp_______________________2_99_9P ________________________ 3 9_9_*?!0_ ___________________ 400 bp
, Identifiler
‘12 different kits tested ‘ NGM

NGMSElect = | AB|

Profiler Plus

SGM Plus

MiniFiler




Primer Set Compared

Marker # of Sets| |Marker |# of Sets
Amelogenin 13 D25441 9
D18S51 12 D19S433 9
D21S11 12 D1S1656 7
FGA 12 D12S391 7
D3S1358 11 SE33 5
THO1 11 D5S818 4
D16S539 11 D7S820 4
vVWA 11 D13S317 4
D8S1179 11 TPOX 3
D2S51338 10 CSF1PO 4
D1051248 9 Penta D 1
D2251045 9 Penta E 1




D2251045 Discordance

ESX 17 (prototype) = 17,17 N|ST NCOl 15 17

= ""%":;‘mu W) |SD (W] |- LI \-m\- 3 s s - \ - \ o
- ES| 17 (prototype) = 15,17 [ ‘

\ Destabilized some (but uses
lower annealing temperature with
fewer amplicons in multiplex)

ESX 17 (final) = 15,17

NIST 23p|ex = 15 17

...... e
h|r|

NIST PT84195

G=>T 15 bp upstream impacting forward primer binding with ESX17
- Promega added additional primer to correct issue




D2251045 Null Allele
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1
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4/1449 samples ZE mansscpoumosnera 1 m n ju mm |

- NGM
- SElect ABI added an
CorreCt type additional primer to

(15 17) . correct issue
) -

G-2>T 15 bp upstream impacting forward primer binding with NGM
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D25441 Null Allele
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8/9 null alleles were from Asian samples



D25441 Sequencing

| “A” base insertion = 9.1 |

| 85?21— | 85?30 | 85?40 | _85?50 | 85?60 | SS?TU | 85?80 | 85?90 | 851100 | SSAIIlD | 85?20 | 85113[

P CATGAGCCAYRAACTGTGGCTCATOTATGALAAC]-JCTATCTATCTATCTATCTATCTATCTATCTATC TALctatota----TATCATAACACCACAGCCACTTAGCTCCAATTTAL

catgagccagigactgtygoctcatctatyaaaac-fgoctatctatctatctatctatctatctatctatctatctatctatctatatcataacaccacagoccactta CtCCElElttt.ElEl|

ooy AMMM&MMM&_ 0 A A AN aaditaMaasadaliin] FOF - 1L

CLTGALGCCAQGS ACTGTGGCTCATCTATGAAAAC']— CTATCTATCTATCTATC TATCTATC TATC TATC TATC TATC TA----TATCATAACACCACAGCCACTTA LTI T a ot T 1 ol

sttt bl f] REV - 22

CLTGLGCCAQGS AGTGTGGCTCATCTATG-AAAAC'] - CTATCTATCTATCTATCTJLTCTJLTCTJLTCTJLTCTATCTATCTA————TATCATAACACCACAGCCACTTAGCTCCAJLTTTJLJJ

I MWMMM& LahAn MM s A A A BN ottt i FOF =91

CLTGLGCCAQARLC TGTGGOTCATC TATGALALAC AT CTATC TATC TATC TATCTATC TATCTATC TATC TA- —--—-----—-—— TLTCATALACLACCACAGCCACTTAGCTCCALTTTAL

MM%WMM sl oataesolaatlnaedt =~ asolihellaaln o Rev = 9.1

ACTGTGGCTCATC TATGAA LA A TCTATC TATC TATC TATC TATC TATCTATC TATCTA - --------~-— - -TATCATAACACCACAGCCACTTAGT T AAT T AL]

Y Mlnl Forward primer TCTA Repeat Mini Reverse primer
9

A SNP 25/26 bp upstream of the repeat

True Genotype =9.1,11
NGM Genotype = 11,11



Primer Changes with ABI Kits

Primer Set Configuration

AmpFESTR? Kit

STR Primers Amelogenin
Profiler® Kit

Profiler Plus® Kit Identical primer sequences for all

COfiler® Kit common loci
SGM Plus® Kit Identical Amelogenin primer
sequences

Identifiler® Kit

AMCUCALVER/PR N  |nclusion of one additional primer
SEfiler Plus™ Kit for D8S1179

NGM™ Kit

SE33 primer redesigned

NGM SElect ™ Kit sequences redesigned

MiniEiler™ Kit

D2S441 and D22S1045 have an additional primer in NGM and NGM SElect

Table 4 from “Development of the AmpF{STR NGM SElect Kit: New Sequence Discoveries and
Implications for Genotype Concordance”, Forensic News (January 2011)



D19S433 Discordance

Identifiler & NGM = 14,14

laRasa_p1s [esmaa psses gy (@ 0 W (M W (W e (W (m

ssssss

AF45A (Asian)

Frequencies [for] the silent allele were determined

to be 0.0114 in 176 people from Shizuoka (Honshu) |, . . e 2008 vor 55 8o s
and 0.0128 In 156 people from Oklnawa do{: ]0]]]]!]]5564@9200800806&

Awailable online at: www.blackwell-synergy.com

Natsuko Mizuno,' D.V.M.; Tetsushi Kitayama,' M.Sc.; Koji Fujii,' Ph.D.; Hiroaki Nakahara,' D.V.M.;
Kanako Yr;-shida,] Ph.D.; Kazumasa Sekigurhi,] Ph.D.; Naoto Ym'n.’zaw.{z,2 Ph.D.; Minoru Naﬁuno,z
Ph.D.;: and Kentaro Kasai,] Ph.D.

A D19S433 Primer Binding Site Mutation and

the Frequency in Japanese of the Silent Allele
It Causes

T->A 8 bp downstream impacting reverse primer

ESX 17 =13,14

I

[DIg5433

ESI17=13,14

N Y IR |

N

binding with Identifiler (and thus SGM Plus)




D18S51 Null Allele
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D351358 Null Allele
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Kits compared

Samples_Loci Compared Comparisons # Differences Concordance (%)

1D-SGM+
ID-Pro+
ID-IDplex
1D-PP16
1D-MiniFiler
ID-NGM

1D-ESSplex

PP16-ESI17
PP16-ESSplex
PPI6-ESSplexsE

SGMH-ESI17
SGM+-ESS
SGMH+-ESSplexs
SGM+-Hexaplex
Pro+-IDplex
Prot-Minifiler
Pro+-NGM
Pro+-NGMs
Pro+-ESX17
Pro+Es/17
Pro+Ess
Pro+ESSplexse
Pro+-Hexaplex
IDplex-Minifiler
1Dplex-NGM
1Dplex-NGMs
IDplex-ESX17
IDplex-£s117
IDplex-Ess
1Dplex-ESSplexSE
IDplex-Hexaplex
Minifiler-NGM
Minifiler-NGMs
Minifiler-E5X17
Minifiler-Esi17
Minifiler-€ss

Minifiler-Hexaplex

NGM-ESX17
NGM-ESI17
NGM-ESs
NGM-ESSplexse

ESX17-ESSplexsE
ESX17-Hexaplex
ESINT-ESS
ESI17-ESSplexsE
ESI17-Hexaplex
ESS-ESSplexsE
ESS-Hexaplex

SE3-ESXL7
SERESIT7
SE33-NGMs
SE33-ESSplexSE
ESI17p-E5X17
ES117p-NGMs
ESI17p-ESSplexSE
ESI17p-SE33
PP18D-ID
PP18D-PP16
ESX17*/ESX17
ESXI7*/ESI17p
ESK17*/NGM
ESKI7*/NGMs
£5X17*/€E5S
ESX17*/ESSplexSE
ESK17*/Hexaplex
26plex/ESX17
26plex/ESI17
26plex/NGM
26plex/NGMs
26plex/ESS
26plex/ESSplexSE

miniSTRS/NGM
miniSTRs/NGMs
miniSTRS/ESS

miniSTRs/Hexaplex

Totals’

1424 1 15,664 1 99.994
1415 10 14,150 1 99.993
1426 16 2,816 2 99.873
662 1 9,268 4 99.957
1137 9 10233 2 99.746
1437 1 15,807 3 99.981
663 1 7,293 0 100.000
1443 1 15,873 s 99.968
1443 1 15,873 4 90,975
1433 1 15,763 k3 90.822
662 1 7,282 17 90.767
653 2 1,306 1 %.923
651 9 5,859 1 99,983
647 10 6470 2 99.969
657 1 9,198 3 99.967
656 H 5,248 1 99.733
657 9 5913 3 99.949
662 9 5,958 1 99.983
662 9 5,958 1 99.983
662 9 5,958 o 100.000
653 9 5,877 16 99.728
662 9 5,958 16 99.731
653 2 1,306 1 99.923
1415 7 9,905 0 100.000
1424 1 15,664 s 99.968
137 6 6822 10 90.853
1424 1 15,664 a %.974
651 1 7,161 0 100,000
1424 1 15,664 6 99,962
1424 1 15,664 s 99.968
1424 1 15,664 s 99.968
651 1 7,161 s 99.930
651 2 1302 1 99.923
1415 10 14,150 s 99.965
1137 6 6822 16 99.765
1415 7 9,905 4 99.960
647 7 4,529 o 100.000
1415 7 9,905 4 99.960
1415 7 9,905 3 99,970
1415 7 9,905 4 99.960
647 7 4529 4 99,912
647 1 647 1 90,845
137 9 10233 3 90,531
1426 1 15,686 30 99.809
657 1 7,227 7 99.765
1426 1 15,686 2 99.821
1426 1 15,686 27 99.828
1426 1 15,686 1 99.994
657 1 7,227 1 99.986
653 2 1,306 1 99.923
1137 6 6822 13 99.809
656 6 3,936 10 99.746
1137 6 6822 10 99.853
1137 6 6822 9 90.868
1137 6 6822 3 90.487
656 6 3,93 3 99,111
653 1 653 1 99.847
657 16 10512 1 90.867
1437 16 2,99 16 90,930
1437 16 22,99 18 90.922
1433 16 2,98 2 99.817
657 16 10512 2 99.791
653 7 4571 9 99.803
662 17 11,254 4 99.964
662 17 11,254 1 99.876
653 16 10,448 17 99.837
662 17 11,25 E3 99.698
653 7 4571 3 99,934
1443 17 24,531 19 99.923
653 16 10,448 u 99,675
662 17 11,254 2 %.778
657 7 4,599 6 9.870
653 16 10,448 2 %732
662 17 11,254 30 %733
657 7 4,599 3 99,935
653 16 10,448 o 100.000
653 7 4571 3 99.934
653 7 4571 3 99.934
1443 1 1043 6 99.584
1443 1 1443 17 98.822
663 1 663 4 99.397
662 1 662 2 96.828
a7 17 8109 7 %9914
a7 17 8109 2 90,975
a77 17 8,109 a2 99.482
a77 1 a77 4 99,161

50 16 800 2 90.750
703 16 11,248 1 99,991
1443 17 2531 a 90.984
477 17 8109 3 99,963
1437 16 22992 2 99.904
663 17 11271 4 99,965
1433 16 22928 0 99.869
662 17 11254 a4 99.609
653 7 4571 2 99.956
1443 3 4329 4 99.908
1443 3 329 o 100.000
1437 3 a1 1 99.745
663 3 1989 0 100.000
1433 3 4299 0 100.000
662 3 1986 0 100.000
653 3 1959 2 90.898
663 3 1989 0 100.000
663 3 1989 3 90.849
663 3 1989 0 100,000
657 3 1971 3 90.848
663 3 1989 0 100.000
653 3 1959 o 100.000
662 3 1986 o 100.000
653 3 1959 2 99.898

102345 1021 548301 1105

Completed Concordance
Studies

Kits compared

Samples

Loci Compared

Comparisons

# Differences

Concordance (%)

111

102,345

1,021

948,301

1,109

99.883

948

,301 allele comparisons
109 total differences
99.88% concordance

Kits (except Identifiler) were kindly provided by
Promega, Qiagen and Applied Biosystems for
concordance testing performed at NIST




Was there complete
concordance with
SRM 2391b and

SRM 2391c?



SRM 2391b/2391c
PCR-Based Profiling Standard

* The first set of samples run with new STR
multiplex kits is SRM 2391b/SRM 2391c

 All new Kits tested have been completely
concordant with the certified values of all
markers for each component for SRM
2391b and 2391c

* One exception for SRM 2391b: MiniFiler
— Genomic 8 with D16S539



SRM 2391b Genomic 8 with
D165539

All allele calls with MiniFiler for
CSF1PO, D7S820, D13S317, bD18Sh51,
D21S11, FGA, and D16S539 (with the

exception noted below) match
previously certified values.

MiniFiler
111 I I 111 I 1 111 I 1 111 I 1111
a0 Tl 100 10
—a000
Null Allele T .0y

uﬁy [ 1000

[8] [1

*Due to primer binding site mutation

|dentifiler
AR AL N R
250 FE0 2FO0 A0 200
3000
L2000
| | 1000
[8] [
PowerPlex 16
IIIIIIIIIIIIIIIIIIIIIIII
P60 IF0D 2RO A0 300
Slight imbalance 000
with allele 11 _—EDDD
r L1000

B [




D165539 SRM 2391b Genomic 8

T—C mutation 34 bp downstream of the repeat
End of GATA repeat 1 mutation

2750 2800 2650 2300 2950 3000 3050 3100 150 3200 3250 3300 3350 | *-ﬂuu 3450 3500
5 AT AG AT AGAT AGAT AGATATCATT GAAAGAD AMAAACAGAGAT GG ATGAT AGACACATGCTT AT A

2|3EI 2|35 2-|1IZI 2-|15 2|5IZI 2|55 2l|3‘-EI 2l|3‘-5 EI?EI 2?5

Genomic 8 of SRM 2391b

1500}

)l “H ) h“m“ |

ETIEEI EEDD 2350 ESEIIZI EI 3IZIIEIIZI 3IZI|5IZI 31::"] 3150 32I:IIII 3250 33I:IIII

34I:IIII 3450

GAT Al s'-KT ﬁGﬁTﬁGﬁTAGAT ﬂlT CﬁTTGﬂ«Aﬂ\Gﬂ«C AA&&CAGAG&TGG ﬂxTGﬂxTﬂxGﬂxTAC AT GCTTAC,&C

23[! 235 240 2-1- i

Control

15IZIIZI

- lmlumMtM.lul,uumdwmm nlhnmm‘mm

Position of the T—C probably affects the reverse primer of Minifiler and is
the 3" base found the 5’end of the Reverse PP16 primer. This could
explain the imbalance of the allele seen when using PP16.



Summary &
Final Thoughts



Conclusions

« Concordance testing is valuable when
different sets of primers are used to
amplify the same markers

 Null alleles and discordant results are
reported on STRBase:

| http://www.cstl.nist.gov/biotech/strbase/NullAlleles.htm

* NIST plays an important role Iin
concordance testing to aid the community
— SRM 2391b/2391c concordance

— Several null alleles have been fixed before the
final release of new STR multiplex Kits
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